INTRODUCTION
In 1967, Perigo, Whiting & Bashford reported that nitrite heated in a complex laboratory medium was more inhibitory to Clostridium sporogenes than was unheated nitrite, and that the inhibitory activity of this heated nitrite system differed in several respects from a system containing unheated nitrite. These observations have been subsequently confirmed by Perigo & Roberts (1968) , and by Johnston, Pivnick & Samson (1969) .
Perigo & Roberts (1968) examined the inhibitory activity of heated systems of media and nitrite against a range of clostridia, and showed that the thermally induced inhibitor (Perigo type factor; PTF) was effective against a number of strains of Clostridium botulinum (types A, B, E and F), Cl. welchii, Cl. tetani, Cl. bifermentans, Cl. septicum and Cl. histolyticum. In addition Roberts & Garcia (1973) have shown that whilst the PTF is effective against some Bacillus species, other strains of Bacillus and several strains of Salmonella were resistant to the inhibitor.
Investigations have been made into the role of PTFs in both meat and culture-medium systems which have been given either sterilization or pasteurization heat treatments (Ashworth & Spencer, I 972 ; Ashworth, Hargreaves & Jarvis, I 973). Preliminary chemical characterization of the PTF from various culture medium systems indicated some similarity with a range of iron nitrosyl co-ordination complexes described originally by Roussin (I 858). The antimicrobial activity of tri-~,-thio-mononitrosyl-tris(dinitrosyl)tetraferrate (Roussin black salt) has been studied previously against a range of micro-organisms (Dobry & Boyer, 1944; Candeli & Mancini, 1948; Candeli, 1949) . During the course of our own work it was necessary to develop a rapid and sensitive microbiological assay for the PTF (Ashworth, Hargreaves, Rosser & Jarvis, 1974) . This paper reports studies of the chemical properties and the antimicrobial spectrum of Roussin black salt and of the PTFs from various culturemedia systems.
METHODS

Organisms.
The organisms tested are listed in Table I together with details of the temperature of incubation. Cultures were maintained on slopes of nutrient agar, except for Cl. sporogenes which was maintained in cooked meat broth (Southern Group Laboratories,
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Short communication Extraction of inhibitors. After the heat treatment with nitrite the systems examined were cooled, and were then extracted three times by shaking with 0.1 vol. of diethyl ether (Fisons Chemicals, analytical grade). The other extracts were combined, washed with distilled water, and evaporated to dryness in vacuo in a rotary evaporator. Samples were purified by thin-layer chromatography in 250 pm thick silica gel 'GF' plates (Analtech Inc.), using an acetone -petroleum ether (3 : 2) mixture.
Nitrosamines. N-nitrosoproline and N-nitrososarcosine were prepared by the method of Stewart (I 969) . N-nitrosodimethylamine, N-nitrosodiethylamine and N-nitrosopiperidine were obtained from Eastman Kodak Inc.
Chemical analysis. Infrared spectra were obtained by using either a Unicam SP2oo or a Perkin Elmer 457 recording spectrometer. Samples were examined either in chloroform solution in cells of I mm path length, or as nujol mulls. Ultraviolet and visible spectra of aqueous solutions of the samples, in 10 mm silica cells, were determined with a Unicam SP8m spectrophotometer. 57Fe Mossbauer data (Herber, 1971) were obtained at room temperature using 57C0 in a matrix of palladium as the gamma radiation source.
General procedure for the determination of antimicrobial spectra of the inhibitors. One well of 16 mm d i m was punched in the centre of each of a series of 8.5 cm diam plates containing 23 ml nutrient agar (Oxoid), previously air dried at 37 "C for 3 h. Broth cultures (18 h) of the various organisms to be examined (generally in nutrient broth) were streaked radially on to the plates from the periphery of the plate to the edge of the well. Normally six organisms were streaked on a plate, but the Proteus species was cultivated individually.
Clostridium sporogenes was grown in cooked meat broth and streaked on plates of reinforced clostridial agar (Oxoid) ; the lactobacilli were streaked on Lactobacillus MRS broth solidified with 1-5 % (w/v) agar.
Aqueous solutions (100 p.p.m.) of the inhibitors were introduced into the well (0.4 ml) in each plate, and the plates were then incubated overnight at the appropriate temperature. The lengths of the zones of inhibition were measured for each organism tested.
RESULTS AND DISCUSSION
Examination of the physico-chemical properties of the Roussin black salt, and the various inhibitors extracted from systems of media heated with nitrite, reveal many similarities. The infrared spectrum of ammonium Roussin black salt showed a medium-strength absorption peak at I 604 cm-l, a strong broad peak at I 752 cm-l with a shoulder at I 71 6 cm-l, and a medium-strength peak at 1802 cm-l; the absorption spectrum of the potassium salt differed only in that a shoulder was seen at 1749 crn-l, and none at 1716 cm-l. All extracts of the various inhibitory systems examined characteristically showed peaks in the regions 1603 to 1604, 1752 to 1753, and 1802 to 1803 cm-l. Except for the AHC/ascorbate/nitrite/ iron system, a shoulder was observed at 1712 to 1714 cm-l. An extract of a non-inhibitory system of AHC and ascorbate had weak absorption peaks at 1602 and 1680 cm-l only. Thus there was a considerable similarity between the i.r. absorption spectra of inhibitory EHC and AHC extracts and those of the potassium and ammonium Roussin black salts. The absorption peak at 1750 cm-l is typical of the N-0 stretch. The U.V. absorption spectra of freshly prepared inhibitors from AHC and EHC systems heated with nitrite were similar to those obtained for Roussin black salts, and for inhibitors obtained from cysteine or
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Short communication thioglycollate heated with ascorbate and nitrite. Absorption with broad maxima of low intensity occurred in the regions 260 to 270 nm and 420 to 430 nm. On storage in the light at room temperature similar changes in U.V. and i.r. spectra were observed for Roussin black salt and for the inhibitory extracts. The Mossbauer spectra of potassium and ammonium Roussin black salts, and for the inhibitor extracted from a heated AHC/ascorbate/nitrite system, revealed isomer shift (8) values of 0.04,0.04 and 0. I mm/s respectively. These values are of a similar order to the value of 0.07 mmls reported for sodium Roussin black salt (Kerler et al. 1963) . Quadrupole split ( A Q for the potassium and ammonium Roussin black salts and the AHC inhibitor were found to be 0.90, 0.80 and 0.60 mm/s respectively; the published value for sodium Roussin black salt is 0-87mm/s (Kerler et al. 1963) . The Mossbauer spectrum of the inhibitor obtained from the AHC system clearly shows that this compound is not identical with the potassium, sodium, 01 ammonium Roussin black salts. However, since the AEQ (quadrupole splitting) measurements of the potassium and ammonium salts are 0.9 and 0.8 mm/s respectively, it is obvious that the cation has an influence upon the AEQ values.
Elemental and of potassium Roussin black salt separated on silica gel GF by means of acetone/petroleum ether were similar. The evidence strongly suggests a degree of chemical similarity between the inhibitor extracted from a system of AHC heated with nitrite and Roussin black salts, although the Mossbauer spectra suggest differences, possibly in the cation moiety.
Antimicrobial spectrum
The antimicrobial spectra of ammonium Roussin black salt and of the thermally-induced inhibitors derived from nitrite, against a range of micro-organisms, are shown in Table I .
The five N-nitrosamines tested had no inhibitory effect against any of the test cultures at 1000 p.p.m. When a system of medium and nitrite was heated with ionic iron, there was always a statistically significant increase in the inhibitory activity of the system, without necessarily a change in the antimicrobial spectrum (P < 0.005 with 8 degrees of freedom).
There was, however, no statistically significant difference between the activity and spectra of inhibitory systems containing thioglycollate and those containing ascorbate as reducing agents. The antimicrobial spectra of the various systems showed that the inhibitors were more active against the Gram-positive than the Gram-negative bacteria tested (P < 0.001 with 16 degrees of freedom).
The production of the PTF has also been demonstrated in systems of whole pork and nitrite, given either a sterilization heat treatment (Ashworth & Spencer, 1972) or a pasteurization heat treatment (Ashworth et al. 1973) . Attempts to examine the antimicrobial spectrum and chemical characteristics of PTFs from meat systems have been unsuccessful, mainly because of the inability to extract these inhibitors from the meat systems.
The antimicrobial spectrum of ammonium Roussin black salt reported here, is basically similar to the results obtained by Candeli & Mancini (1948) except for Serratia marcescens, for which the differing response might be explained by interstrain variation. The antimicrobial spectrum of the cysteinelnitriteliron system against Clostridium sporogenes, (1967) and all the other systems tested, with the exception of AHC heated with nitrite and ascorbate, is considerably less than that of ammonium Roussin black salt. In many of the systems tested it is possible that the extracts were impure, and that this could lead to an apparent diminution in the activity of the inhibitory extract. This, together with the observed reduced stability of the extracted inhibitors compared to Roussin black salt, may partially explain the difference found between the systems tested. The results show that small quantities of inhibitor are produced from the Perigo medium, AHC and EHC, without the addition of iron salts, but the addition of iron salts increases the quantity of inhibitor produced in the various systems. This is in agreement with the results of elemental analysis, i.e. the inhibitors are iron-containing substances. There is, however, sufficient iron in the Perigo medium, AHC, or EHC to permit the formation of small amounts of inhibitor even when iron salts are not added. Wasserman & Huhtanen (1972) showed that the Perigo type inhibitor (PTF) did not appear to be a nitrosamine, and they failed to demonstrate any inhibitory effect against Clostridium botulinum by a range of N-nitrosamines. This result is confirmed in the present work where none of the N-nitrosamines tested showed any inhibitor activity.
The work reported here shows that a potent antimicrobial substance with a broad spectrum is formed when nitrite is heated in certain systems, and that this inhibitory substance is similar in many respects to the iron nitrosyl co-ordination complexes, termed Roussin black salts.
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